Defining the taxonomic status of Streptococcus suis serotype 33: the proposal for Streptococcus ruminantium sp. nov. To clarify the taxonomic classification of Streptococcus suis serotype 33, we performed biochemical and molecular genetic analyses using isolates (GUT-183, GUT-184, GUT-185, GUT-186, GUT-187 T , and GUT-193) from bovine endocarditis. A comparative sequence analysis showed 99.2-100 % sequence similarity among the reference strain of S. suis serotype 33 and our isolates for the 16S rRNA gene. These similarities were higher than those between the isolate GUT-187 T and S. suis and other streptococci. Comparison of sodA genes also showed high degrees of similarities among the reference strain of S. suis serotype 33 and our isolates (99.7-100 %), which were higher than those between the GUT-187 T and S. suis and other streptococci. DNA-DNA relatedness among three isolates (GUT-186, GUT-187 T , the reference strain of S. suis serotype 33) was over 76.7 %. In contrast, the relatedness between GUT-187 T and the other streptococcal species (S. suis, Streptococcus parasuis, Streptococcus acidominimus and Streptococcus porci) was 8.4-24.9 %. Phylogenetic analyses showed that the isolates did not affiliate closely to any known species of the genus Streptococcus.
Streptococcus suis is an emerging zoonotic pathogen that causes various diseases in pigs and humans such as meningitis, septicaemia and endocarditis. This bacterium is one of the most hazardous pathogens in the swine industry [1, 2] . Furthermore, in Southeast and East Asia, this bacterium also affects the general population and represents a significant public health concern [3, 4] . The S. suis strains have so far been classified into 35 serotypes (types 1-34 and type 1/2) based on the different antigenicity of their capsular polysaccharides [5] [6] [7] [8] [9] [10] [11] [12] . However, there is doubt regarding the classification of serotypes 20, 22, 26, 32, 33 and 34, which are thought to belong to other bacterial species. Among these, serotypes 32 and 34 were found to be Streptococcus orisratti based on the nucleotide sequences of the chaperonin-60 (cpn60) and 16S rRNA genes [13] . Tien et al. suggested that serotypes 20, 22, 26 and 33 should be taxonomically removed from S. suis on the basis of the DNA-DNA hybridization and phylogenetic analyses of gene sequences of superoxide dismutase (sodA) and the recombination/repair protein (recN) [14] . Furthermore, serotypes 20, 22 and 26 were reclassified as Streptococcus parasuis [15] . However, serotype 33 remains to be examined. Here, we show the taxonomic study of this organism using the reference strain of S. suis serotype 33 and some field isolates that we have collected from bovine endocarditis. Using nucleotide sequences of the 16S rRNA and sodA genes and DNA-DNA hybridization, we showed that the reference strain of S. suis serotype 33 and our isolates should be classified into a single novel species. In this report, the novel species of the genus Streptococcus, Streptococcus ruminantium sp. nov. is proposed. A total of 11 isolates (GUT-183, GUT-184, GUT-185,  GUT-186, GUT-187  T , GUT-188, GUT-189, GUT-190,  GUT-191, ) and the reference strain of S. suis serotype 33 (EA1832.92) were used. Our isolates and the reference strain of S. suis were obtained from bovine endocarditis and a diseased lamb [10] , respectively. The isolates and the strain were grown on Todd-Hewitt (Becton Dickinson) agar at 37 C for 24 h under a 5 % CO 2 atmosphere. They were stored in Luria-Bertani (Becton Dickinson) broth containing 30 % glycerol at À80 C. The isolates were serotyped by a capsular reaction test [16] using a commercial antiserum (Statens Serum Institute). All isolates showed positive reactions with antiserum of serotype 33.
Phylogenetic analyses based on 16S rRNA and sodA genes are useful taxonomic tools for the identification of streptococci at the species level [14, [17] [18] [19] [20] . To examine the sequence homology, we amplified and sequenced the genes as described previously [18, 20] . Based on previous reports, reference sequences of 16S rRNA and sodA genes of 40 Streptococcus species, Streptococcus suis serotypes 1-19, 21, 23-25, 27-31, and 1/2 were retrieved from the National Centre for Biotechnology Information GenBank database. The accession numbers are shown in Figs 1, 2, S1, and S2 (available in the online Supplementary Material). The partial sequences of the 16S rRNA genes (1373 bp long) and sodA genes (379 bp long) were aligned using CLUSTAL W from the MEGA5 software package [21] . Alignment was performed with the following parameters: gap opening penalty (GOP)=10; gap extension penalty (GEP)=6.66, GOP=10, GEP=6.66, DNA weight matrix: CLUSTAL W; transition weight=0.5. The phylogenetic trees were reconstructed by using the neighbour-joining method [22] from MEGA5. The stability of the groupings was estimated by bootstrap analysis with 1000 replications, and the substitution model was maximum composite likelihood. The phylogenetic trees of 16S rRNA and sodA genes were reconstructed by the same method. The sequence similarities between the reference strain of S. suis serotype 33 and the 11 isolates using the 16S rRNA and sodA genes were 99.2-100 % and 99.7-100 %, respectively. These similarities were higher than those between isolate GUT-187 T and the S. suis type strain NCTC 10234, i.e. 96.4 and 85.0 % for 16S rRNA and sodA genes, respectively. The highest sequence similarities between T and the other streptococci in the 16S rRNA and sodA genes were 97.2 and 88.4 %, respectively.
Type strains of S. suis, S. parasuis, Streptococcus acidominimus and Streptococcus porci, the reference strain of S. suis serotype 33 and two S. ruminantium isolates, GUT-186 and GUT-187 T , were used for DNA-DNA hybridization. DNA-DNA hybridization was carried out according to the photobiotin microplate method as described previously [23, 24] and performed in 2Â Saline sodium citrate (SSC) at 31 and 41 C. The results are summarized in Table 1 . Although the level of DNA-DNA relatedness among GUT-186, T and EA1832.92 were over 76.7 %, the relatedness between GUT-187 T and S. suis, S. parasuis, S. acidominimus and S. porci was under 24.9 %. The DNA-DNA relatedness clearly confirmed that the isolates constitute a separate species [25] .
The G+C content of the DNA in one of the representative isolates (isolate GUT-187 T ) was determined by the highperformance liquid chromatograpy method of Mesbah et al. [26] . The DNA G+C content of isolate GUT-187 T was 41.4 mol%.
The 11 isolates were Gram-stained and assessed for the presence of catalase. Haemolytic reactions were determined on Columbia agar (Oxoid) containing 5 % (v/v) defibrinated sheep's blood by incubating aerobically at 37 C for 24 and 48 h. According to the procedure recommended by Facklam and Elliot [27] , growth was determined at 10, 22, 30, 37 and 42 C with or without 6.5 % (w/v) NaCl added in brain heart infusion broth (Difco) at pH 7.5. The isolates were characterized biochemically using the Rapid ID 32 Strep and API ZYM systems (bioM erieux) according to the manufacturer's instructions. All the isolates exhibited similar biochemical characteristics (Table S1 ). The phenotypic characteristics that differentiate the proposed novel species from the closely related species are listed in Table 2 . Identification of Rapid ID 32 Strep showed that nine isolates were S. suis I and II, and the remaining two isolates were Streptococcus mitis.
Based on the phylogenetic analyses of the 16S rRNA and sodA gene sequences, DNA-DNA hybridization, and phenotypic characteristic tests, the reference strain of S. suis serotype 33 and the field isolates described in this study diverged from taxon S. suis. This type strain is T . We propose Streptococcus ruminantium sp. nov. as the name for the novel species.
DESCRIPTION OF STREPTOCOCCUS RUMINANTIUM SP. NOV.
Streptococcus ruminantium (ru.mi.nan¢ti.um. L. gen. pl. part. n. ruminantium, of ruminants).
Gram-strain-positive, non-spore-forming cocci that are 0.5-1 µm in diameter and occur in pairs or in chains usually over 10 cells long. Colonies on blood agar are circular and non-pigmented, 0.5-1.0 mm in diameter and a-haemolytic at 37 C. Catalase-negative, oxidase-negative and nonmotile. Able to grow under aerobic and unaerobic conditions at 10-42 C, but does not grow in the presence of 6.5 % (w/v) NaCl. With Rapid ID32 Strep Kits, acid is not produced from ribose, D-mannitol, D-sorbitol, L-arabinose, D-arabitol, D-melibiose, melezitose, methyl-b-glucopyranoside or tagatose. Most isolates produce acid from lactose, Dtrehalose, sucrose, glycogen, pullulan and maltose (Rapid ID32 Strep). b-glucosidase, alanine-phenylalanyl-proline arylamidase, esterase (C4), leucine arylamidase and a-glucosidase are detected, but b-galactosidase, N-acetyl-b-glucosaminidase, lipase (C14), valine arylamidase, cysteine arylamidase, trypsin, a-galactosidase, a-mannosidase and a-fucosidase are not detected (Rapid ID32 Strep and API ZYM). The type strain and most isolates produce glycyl- The type strain, T (=JCM 31869 T =DSM 104980 T ), was isolated from the heart of a cattle with endocarditis. The full habitat is not known. The DNA G+C content of the type strain is 41.4 mol%.
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